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a higher intake is required to compare neo‑
natal brain Hg, a better biomarker, across spe‑
cies (Burbacher et al. 1990). However, the 
present study showed that, at lower MeHg 
doses, exposure to Hg vapor increased both 
brain organic and inorganic Hg levels. In addi‑
tion, the increase in brain Hg did not depend 
on the Hg vapor dose. That means that brain 
Hg levels might be higher than expected even 
if MeHg intake is lower than the provisional 
tolerance weekly intake or U.S. EPA reference 
dose when fetuses are simultaneously exposed 
to Hg vapor even at levels as low as those 
attributable to dental amalgams. This might 
be one mechanism by which coexposure to 
dietary MeHg and Hg vapor at levels relevant 
to human exposure elevates neurotoxic risks 
and may need to be taken into account for risk 
assessment calculations. Additional research is 
required to directly evaluate such outcomes.

Conclusions
Our study has revealed interactive effects of 
joint exposure to MeHg and Hg vapor during 
the prenatal period on organic and inorganic 
Hg levels in pup brain. Hg vapor increased 
both forms of Hg in pup brain at lower MeHg 
concentrations, an outcome rele vant to human 
exposure. Human fetuses exposed to both 
MeHg and Hg vapor may have increased risks 
of neuro develop mental toxicity in contrast to 
either type of Hg alone.

correction

In the manuscript originally published 
online, right‑hand columns showing higher 
Hg vapor doses were inadvertently omitted 
from Tables 2–5, error bars were omitted 
from Figure 1A and 1B, and Figure 2B was 
incorrect. The tables and figures have been 
corrected here. 

RefeRences

Aschner M, Aschner JL. 1990. Mercury neurotoxicity: mecha‑
nisms of blood–brain barrier transport. Neurosci Biobehav 
Rev 14:169–176.

Brownawell AM, Berent S, Brent RL, Bruckner JV, Doull J, 
Gershwin EM, et al. 2005. The potential adverse health 
effects of dental amalgam. Toxicol Rev 24:1–10.

Burbacher TM, Rodier PM, Weiss B. 1990. Methyl mercury 
developmental neurotoxicity: a comparison of effects in 
humans and animals. Neurotoxicol Teratol 12:191–202.

Charleston JS, Body RL, Mottet NK, Vahter ME, Burbacher 
TM. 1995. Autometallographic determination of inorganic 
mercury distribution in the cortex of the calcarine sulcus of 
the monkey Macaca fascicularis following long‑term sub‑
clinical exposure to methylmercury and mercuric chloride. 
Toxicol Appl Pharmacol 132:325–333.

Chen Y‑S, Moss OR. 1989. Inhalation exposure systems. 
In: Concepts in Inhalation Toxicology (McClellan RO, 
Henderson RF, eds). New York:Hemisphere Publishing, 19–62.

Choi BH, Lapham LW, Amin‑Zaki L,  Saleem T. 1978. 
Abnormal neuronal migration, deranged cerebral 

cortical organization, and diffuse white matter astrocyto‑
sis of human fetal brain: a major effect of methylmercury 
poisoning in utero. J Neuropathol Exp Neurol 37:719–733.

Clarkson TW. 1997. The toxicology of mercury. Crit Rev Clin Lab 
Sci 34:369–403.

Clarkson TW, Magos L. 2006. The toxicology of mercury and its 
chemical compounds. Crit Rev Toxicol 36:609–662.

Clarkson TW, Magos L, Greenwood MR. 1972. The transport 
of elemental mercury into fetal tissues. Biol Neonate 
21:239–244.

Currie LA. 1999. International recommendations offered on 
analytical detection and quatification concepts and 
nomenclature. Anal Chim Acta 391:103–134.

Danielsson BR, Fredriksson A, Dahlgren L, Gårdlund AT, Olsson L, 
Dencker L, et al. 1993. Behavioural effects of prenatal metal‑
lic mercury inhalation exposure in rats. Neurotoxicol Teratol 
15(6):391–396. 

Davis LE, Kornfeld M, Mooney HS, Fiedler KJ, Haaland KY, 
Orrison WW, et al. 1994. Methylmercury poisoning: long‑
term clinical, radiological, toxicological, and pathological 
studies of an affected family. Ann Neurol 35:680–688.

Day JJ, Reed MN, Newland MC. 2005. Neuromotor deficits and 
mercury concentrations in rats exposed to methyl mercury 
and fish oil. Neurotoxicol Teratol 27:629–641.

Drasch G, Schupp I, Hofl H, Reinke R, Roider G. 1994. Mercury 
burden of human fetal and infant tissues. Eur J Pediatr 
153:607–610.

Echeverria D, Aposhian HV, Woods JS, Heyer NJ, Aposhian MM, 
Bittner AC Jr, et al. 1998. Neurobehavioral effects from 
exposure to dental amalgam Hg(0): new distinctions between 
recent exposure and Hg body burden. FASEB J 12:971–980.

Faraway JJ. 2006. Extending the Linear Model with R. Boca 
Raton, FL:Chapman and Hall/CRC.

Fredriksson A, Dencker L, Archer T, Danielsson BR. 1996. 
Prenatal coexposure to metallic mercury vapour and 
methylmercury produce interactive behavioural changes 
in adult rats. Neurotoxicol Teratol 18:129–134.

Goldwater L. 1972. Mercury: A history of quicksilver. Baltimore, 
MD:York Press.

Gray LE Jr, Barlow NJ, Howdeshell KL, Ostby JS, Furr JR, Gray CL. 
2009. Transgenerational effects of di (2‑ethylhexyl) phthalate 
in the male CRL:CD(SD) rat: added value of assessing mul‑
tiple offspring per litter. Toxicol Sci 110:411–425.

Hursh JB, Cherian MG, Clarkson TW, Vostal JJ, Mallie RV. 
1976. Clearance of mercury (197Hg, 203Hg) vapour inhaled 
by human subjects. Arch Environ Health 31:302–309.

IPCS (International Programme on Chemical Safety). 1991. 
Inorganic Mercury. Environmental Health Criteria 118. 
Geneva:World Health Organization. Available: http://www.
inchem.org/documents/ehc/ehc/ehc118.htm [accessed 
31 August 2009].

IPCS (International Programme on Chemical Safety). 
2000. Safety Evaluation of Certain Food Additives and 
Contaminants: Methylmercury. WHO Food Additives Series 
44. Geneva:World Health Organization. Available: http://
www.inchem.org/documents/jecfa/jecmono/v44jec13.htm 
[accessed 31 August 2009]. 

IPCS (International Programme on Chemical Safety). 2004. 
Methylmercury (Addendum). WHO Food Additives, Series 
52. Geneva:World Health Organization. Available: http://
www.inchem.org/documents/jecfa/jecmono/v52je23.htm 
[accessed 31 August 2009]. 

Khayat A, Dencker L. 1982. Fetal uptake and distribution of 
metallic mercury vapor in the mouse: influence of ethanol 
and aminotriazole. Int J Biol Res Pregnancy 3:38–46.

Lushei E, Mottet NK, Shaw CM. 1977. Chronic methylmercury 
exposure in the monkey (Macaca mulatta). Behavioral 
test of peripheral vision, signs of neurotoxicity, and blood 
concentration in relation to dose and time. Arch Environ 
Health 32:126–131.

Magos L. 1971. Selective atomic‑absorption determination of 
inorganic mercury and methylmercury in undigested bio‑
logical samples. Analyst 96:847–853.

Magos L. 1987. The absorption, distribution, and excretion 
of methyl mercury. In: The Toxicity of Methyl Mercury 
(Eccles CU, Annau Z, eds). Baltimore, MD:Johns Hopkins 
University Press, 24–44.

Magos L, Clarkson TW. 1972. Atomic absorption determination 
of total, inorganic and organic mercury in blood. J Assoc 
Off Anal Chem 55:966–971.

McCulloch CE, Searle SR. 2001. Generalized, Linear, and Mixed 
Models. New York:John Wiley and Sons. 

Morgan DL, Chanda SM, Price HC, Fernando R, Liu J, Brambila E, 
et al. 2002. Disposition of inhaled mercury vapor in pregnant 
rats: maternal toxicity and effects on developmental out‑
come. Toxicol Sci 66:261–273.

Morgan DL, Price HC, Fernando R, Chanda SM, O’Connor RW, 
Barone SS Jr, et al. 2006. Gestational mercury vapor expo‑
sure and diet contribute to mercury accumulation in neo‑
natal rats. Environ Health Perspect 114:735–739.

Newland MC, Rasmussen E. 2000. Aging unmasks adverse 
effects of gestational exposure to methylmercury in rats. 
Neurotoxicol Teratol 22:819–828.

Newland MC, Reed MN, LeBlanc A, Donlin WD. 2006. Brain and 
blood mercury and selenium after chronic and develop‑
mental exposure to methylmercury. Neurotoxicology 
27:710–720.

Newland MC, Reile PA. 1999. Blood and brain mercury levels 
after chronic gestational exposure to methyl mercury in 
rats. Toxicol Sci 50:106–116.

Newland MC, Reile PA, Langston JL. 2004. Gestational expo‑
sure to methylmercury retards choice in transition in aging 
rats. Neurotoxicol Teratol 26:179–194.

R Foundation for Statistical Computing. 2009. The R Project for 
Statistical Computing. Available: http://www.r‑project.org/ 
[accessed 5 January 2010]. 

Rice D. 1996. Evidence for delayed neurotoxicity produced by 
methylmercury. Neurotoxicology 17:583–596.

Rowland IR, Mallett AK, Wise A. 1987. The effect of diet on the 
mammalian gut flora and its metabolic activities. Crit Rev 
Toxicol 16:31–103.

Stern S, Cox C, Cernichiari E, Balys M, Weiss B. 2001. Perinatal 
and lifetime exposure to methylmercury in the mouse: 
blood and brain concentrations of mercury to 26 months of 
age. Neurotoxicolgy 22:467–477.

Stern S, Reuhl K, Soderholm S, Cox C, Sharma A, Balys M, 
et al. 1996. Perinatal methanol exposure in the rat. I. Blood 
methanol concentration and neural cell adhesion mole‑
cules. Fundam Appl Toxicol 34:36–46.

Suda I, Takahashi H. 1990. Effect of reticuloendothelial system 
blockade on the biotransformation of methyl mercury in 
the rat. Bull Environ Contam Toxicol 14:609–615.

U.S. EPA. 1997. Mercury Study Report to Congress, Vol IV: An 
Assessment of Exposure to Mercury in the United States. 
Washington, DC:U.S. Environmental Protection. Available: 
http://www.epa.gov/ttn/oarpg/t3/reports/volume4.pdf 
[accessed 31 August 2009].

U.S. EPA. 2001. Water Quality Criterion for the Protection of 
Human Health: Methylmercury. Final. Washington, DC:U.S. 
Environmental Protection Agency. Available: http://www.
epa.gov/waterscience/criteria/methylmercury/pdf/mercu‑
ry‑criterion.pdf [accessed 31 August 2009].

U.S. EPA. 2009. Guidance for Implementing the January 2001 
Methylmercury Water Quality Criterion. Final. Washington, 
DC:U.S. Environmental Protection Agency. Available: http://
www.epa.gov/waterscience/criteria/methylmercury/pdf/
guidance‑final.pdf [accessed 31 August 2009].

Vahter M, Akesson A, Lind B, Bjors U, Schutz A, Berglund M. 
2000. Longitudinal study of methylmercury and inorganic 
mercury in blood and urine of pregnant and lactating 
women, as well as in umbilical cord blood. Environ Res 
84:186–194.

Vahter ME, Mottet NK, Friberg LT, Lind SB, Charleston JS, 
Burbacher TM. 1995. Demethylation of methyl mercury in 
different brain sites of Macaca fascicularis monkeys dur‑
ing long‑term subclinical methylmercury exposure. Toxicol 
Appl Pharmacol 134:273–284.

Weiss B, Clarkson T, Simon W. 2005a. Silent latency periods 
in methylmercury poisoning and in neurodegenerative 
disease. Environ Health Perspect 110:851–854. 

Weiss B, Stern S, Cernichiari E, Gelein R. 2005b. Methylmercury 
contamination of laboratory animal diets. Environ Health 
Perspect 113:1120–1122. 

Yoshida M. 2002. Placental to fetal transfer of mercury and 
fetotoxicity. Tohoku J Exp Med 196:79–88.

Yoshida M, Shimizu N, Suzuki M, Watanabe C, Satoh M, Mori K, 
et al. 2008. Emergence of delayed methylmercury toxicity 
after perinatal exposure in metallothionein‑null and wild‑
type C57BL mice. Environ Health Perspect 116:746–751.


